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(71) We, THE GOVERNOR AND 
COMPANY OF THE BANK OF ENG- 
LAND a British Body Corporate, of 
Threadneedle Street. London, EC2R 8AH, 
do hereby declare the invention, for which 
we pray that a patent may be granted to us, 
and the method by which it "is to be per- 
formed, to be particularly described in and 
by the following statement: 

This invention relates to security devices 
and more particularly to devices for authen- 
ticating various items of sheet materials, 
such as banknotes and other valuable docu- 
ments and security personnel passes. 

Present methods of preventing successful 
counterfeiting of, say, banknotes include 
the use of intricate designs, watermarks and 
inlaid metal strips, thelntention being that 
the application of these devices to banknote 
paper is sufficiently difficult to make it likely 
that forged notes will be readily recognis- 
able by their poor quality. However, the 
effectiveness of such preventive measures is 
continuously being eroded as the techniques 
and apparatus available to the forger be- 
come more advanced and easier to operate, 
thus making it potentially easier to simulate 
the present form of banknotes. 

The requirements therefore of any new 
authenticating security device are primarily 
twofold. Firstly the methods necessary for 
manufacturing the device or applying it to 
the sheet material employed should*~entail 
the use of resources which, by reason of 
their nature, complexity, cost or other fac- 
tors, would not normally be available to a 
forger. Secondly, the authentic product 
should be readily recognisable to the eye 
without having to employ special apparatus. 

Optical multilayer devices arc presently 
commercially available, comprising a subs- 
trate bearing a number of stacked "thin film 
layers of various materials. By careful selec- 
tion of the thickness and composition of the 
layers the optical characteristics in particu- 



lar of spectral reflectance and transmittance 
of the device can be controlled. For instance 
it is well known to produce accurate colour 
filters by depositing such thin film layers on 
glass substrates. Other devices can be spe- 50 
cially made in which the substrate is a thin 
transparent sheet of plastics material, and 
which when illuminated by white light ex- 
hibit a strong reflection in a designated part 
of the spectrum, dependent upon the phy- 55 
sical characteristics of the films deposited on 
the substrate to form the stack. Moreover 
the spectral reflectance of such a device can 
vary with the angle at which it is viewed, so 
that the part of the spectrum which is 60 
strongly reflected changes as the device is 
tilted in relation to the direction of the illu- 
minating light. When such a device is 
viewed by transmitted light, a complemen- 
tary colour to the main reflected colour is 65 
observed with a similar colour change on 
tilting. Such a device is difficult to manufac- 
ture and can be readily recognised under 
ordinary ambient viewing conditions. It is 
proposed to incorporate a device of this tvpe 7Q 
for the purpose of authenticating an item of 
sheet material such as is mentioned earlier. 

It is known to attach dichroic coatings to 
the surface of a bank note. The present in- 
vention constitutes an improvement to this 75 
in that is provides a sheet element incorpor- 
ating an optical authenticating device com- 
prising a thin film dichoric filter element dis- 
posed within the thickness of the sheet ele- 
ment and having known characteristics of 80 
spectral reflectance and transmittance, and 
wherein in the region of at least part of the 
thin film element the sheet element consti- 
tutes a pair of superposed windows between 
which the thin film element extends so as to 
be visible through each window. 

The thin film element is preferably in the 
form of a narrow strip running through the 
material of the sheet, in a manner similar to 
that of the currently used security thread in 90 
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a banknote. A number of pairs of windows 
may be formed by removing portions of the 
sheet material on each side of the thin film 
element at various points to form apertures 
5 through which the thin film element is ex- 
posed. Where the element is in the form of a 
strip, these window areas may be spaced 
regularly along its length or in a predeter- 
mined pattern. Alternatively the sheet 

10 material, which may be paper, may be made 
so thin at these points, for instance by ap- 
plying to the sheet a watermark pattern 
causing variation in the material thickness, 
or a suitable substance may be applied to 

15 the material to make it locally transparent. 
A feature of this approach is that existing 
strip embedding technology can be used and 
that the preferred security device can re- 
main. A further embodiment possessing this 

20 particularly advantageous feature is one in 
which the windows extend along the full 
length of such strip, and are constituted by 
relatively thin portions of the sheet element 
between which the strip extends. 

25 By providing windows in the material on 
each side of the element, that is, by forming 
the sheet elements with portions through 
which the tin film element is visible, the op- 
tica! effects of both reflection and transmis- 

30 sion it produces when illuminated can readi- 
ly be seen. It is additionally envisaged that 
the thin film stack may be varied in com- 
position or interrupted at intervals through- 
out its length. It is further envisaged that the 

35 thread need not be linear, but can vary in 
surface shape in a predetermined pattern. 

Some embodiments of the invention will 
now be described by way of example, with 
reference to the accompanying drawings, in 

40 which: 

Figure 7 is a plan view of a banknote 
incorporating a security device according to 
the invention; 

Figure 2 is an enlarged section through a 

45 part of the banknote shown in Figure 1 
take n on the line II— II and illustrates the 
simplest manner of windowing and further 
illustrates the construction of a thin film 
thread ; 

50 Figure 3 is a plan view of another bank- 
note incorporating a security device accord- 
ing to the invention; 

Figure 4 is a section through the banknote 
shown in Figure 3 taken on line IV-IV and 

55 illustrates another manner of windowing: 

Figures 5 to 7 are sectional views, similar 
to Figure 4 illustrating various alternative 
methods of windowing the material of the 
banknote. 

60 With reference first to Figures 1 and 2, a 
banknote 1 is formed with a narrow strip- 
like authenticating element 2 passing 
through the banknote paper and across the 
width of the note. The element 2 is formed 

65 by slitting into a continuous thread of re- 



quired surface shape a pre-prepared length 
of dichroic filter material comprising a thin 
plastics substrate with a plurality of thin film 
layers vacuum deposited or otherwise 
applied thereon. 70 

This strip is incorporated in the rectangu- 
lar paper sheet on which the banknote is la- 
ter printed. The preprepared material is 
constructed to exhibit predetermined char- 
acteristics of optica] reflectance and trans- 75 
mittance, as discussed previously herein, 
which may vary with angle of incidence of 
illuminating light. A construction which has 
been found suitable, and which is illustrated 
in Figure 2 consists of a transparent Melinex 80 
(Registered Trade Mark) substrate 3 coated 
with a seven-layer stack 4 of alternate high 
and low refractive index materials, with 
layers having the high refractive index adja- 
cent the substrate and at the top of the 85 
stack. The high refractive index layers 5 are 
three-quarters of a wavelength thick and 
have a refractive index of 2.30. The low re- 
fractive index layers 6 are one quarter of a 
wavelength thick and have a refractive index 90 
of 1.55. The reference wavelength is 540 
nonometers. This combination gives reflec- 
tion in the green part of the spectrum and 
transmission in the magenta when viewed 
normally. 95 

Superposed strips 7 of the banknote paper 
on opposite sides of the strip 2 each have a 
substantially uniform thickness of a magni- 
tude, less than the thickness of the remain- 
der of the banknote, such that the strip 2 is 100 
visible therethrough, the strips 7 thereby 
constituting elongate windows through 
which these optical characteristics of reflec- 
tion and transmission may be observed. 

With reference now to Figures 3 and 4, in 105 
order that these optical characteristics of the 
strip 2 may be more clearly observed, the 
material of the note, which is commonly 
paper is formed at points 8, spaced along the 
length of the strip, with pairs of superposed 110 
windows between which the strip extends. 
This windowing is achieved in the embodi- 
ment of Figures 3 and 4 by removing or 
omitting small areas of the paper, at the 
points preferred 8, to form pairs of super- 115 
posed apertures at these points. 

In one method this may be achieved by 
using a laser to direct at the note surface a 
laser beam of precisely controlled power 
and direction so as to burn through the over- 120 
lying paper at the predetermined points 8 
while leaving the strip material unharmed. 
The laser may be arranged to follow the line 
of the strip 2 automatically. In another 
method the paper may be removed by 125 
mechanical cutting or abrasive means. 

Since the banknotes of Figures 1 to 4 are 
windowed on both sides of the strip, the 
complementary colours produced by the 
multilayer material when viewed by re- 130 
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fleeted and transmitted light can be 
observed, and thus the note can readily be 
checked for authenticity. Various construc- 
tions of the strip can be used so that the 
5 main reflected colour, and its complemen- 
tary transmitted colour can be made diffe- 
rent for different denominations of bank- 
notes, a feature which could be of use in 
vending, note dispensing and note accepting 

10 machines. Moreover, the composition of the 
stacked thin film layers may vary intermit- 
tently along the length of the strip to give 
alternative different reflected and com- 
plementary transmitted colours in alternate 

15 windows of the Figure 3 embodiment, or the 
strip substrate may be alternately coated 
with the stacked thin film layers and unco- 
ated along its length so that successive win- 
dows along the strip length expose the co- 

20 ated and clear uncoated portions alter- 
nately. 

Figure 5 illustrates an alternative method 
of windowing the banknote material over- 
lying the strip 2. At the window points 8, the 

25 paper on both sides of the strip is impreg- 
nated with a suitable substance, for inst- 
ance, paraffin wax, which renders it at least 
partly transparent. 

Figure 6 illustrates another alternative 

30 windowing method. Here a watermark pat- 
tern is applied to both sides of the banknote, 
so that the thickness of the paper on both 
sides of the strip varies along the strip, the 
pattern incorporating areas 9 where the pap- 

35 er is so thin as to be substantially transpa- 
rent. 

An alternative method of windowing by 
providing areas of reduced paper thickness 
is illustrated in Figure 7. Here the thickness 

40 of the strip varies periodically along its 
length, both upper and lower surfaces being 
correspondingly contoured and when this 
strip is formed in a banknote of uniform 
overall thickness, the paper adjacent the 

45 thicker parts 10 of the strip is correspond- 
ingly thinner to form the windows 8. 

When the thin film element is to be incor- 
porated in a sheet element, such as a secur- 
ity card, which is relatively thick compared 

50 with the above described banknote, the 
sheet element may be assembled by insert- 
ing a thin film thread between two card por- 
tions which are subsequently fixed together 
and which are provided with preformed cor- 

55 responding linear aperture arrays which in 
the finished card register with one another 
to expose the thread to each side of the 
card. 

The above described devices exhibit con- 
60 siderable security value for a number of 
reasons. Firstly it would be obvious from the 
contrast of the appearance of the strip when 
viewed alternately through the paper and 
through the windows, either by transmitted 
65 or by reflected light, that it consists of a 



thread or other material inside the paper 
and cannot, therefore, be easily simulated 
by any print or ruling on the surface. 
Secondly, where viewed directly through 
the windows its appearance would be so 70 
characteristic both by reflected and trans- 
mitted light and with change of angle that it 
should not be possible to mistake it for any 
other commercially available material, 
Thirdly, this particular type of stacked thin 75 
film material in this form could only be pro- 
duced with difficulty and with considerable 
skill by those having a great deal of special- 
ised knowledge and access to expensive and 
specialised equipment. 80 

Fourthly, the making of windows, which 
could be of any appropriate chosen shape, 
would be an extremely difficult and tedious 
task to perform without the use of the spe- 
cial techniques and skills required to manu- 85 
facture the genuine article. 

Furthermore, the portions of the spec- 
trum which are reflected and transmitted 
could be so specifically selected by appropri- 
ate selection of the material that the strip 90 
could be used, with the appropriate authen- 
ticating equipment, as an automatic verify- 
ing device in a note handling or vending 
machine. 

WHAT WE CLAIM IS:- 95 

1. A sheet element incorporating an op- 
tical authenticating device comprising a thin 
film dichroic filter element disposed within 
the thickness of the sheet element and hav- 
ing known characteristics of spectral reflect- 100 
ance and transmittance, and wherein in the 
region of at least part of the thin film ele- 
ment the sheet element constitutes a pair of 
superposed windows between which the thin 

film elements extends so as to be visible 105 
through each window. 

2. A sheet element according to claim 1 
wherein the thin film element is in the form 
of a strip extending through the material of 

the sheet. 1 10 

3. A sheet element according to claim 2 . 
wherein the windows comprise two super- 
posed strips of the sheet element material 
between which the thin film element ex- 
tends, said strips each being of substantially 1 15 
uniform thickness. 

4. A sheet element according to claim 3 
wherein the thickness of each strip of the 
sheet element material is less than the thick- 
ness of the remainder of the sheet element. 120 

5. A sheet element according to claim [ 
or claim 2 including a plurality of said pairs 
of superposed windows formed in the mate- 
rial of the sheet element at points spaced ab- 
out the thin film element. 125 

6. A sheet element according to claim 5 
wherein said windows comprise apertures in 
the material of said sheet element, through 
which apertures the thin film element is ex- 
posed, no 
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7. A sheet element according to claim 6 
when dependent on claim 2 wherein the 
pairs of superposed windows are spaced reg- 
ularly along the length of the thin film strip 

5 element. 

8. A sheet element according to claim 5, 
wherein the thickness of the material on 
opposite sides of the thin film element 
varies, the portions of said material at which 

10 said thickness is relatively small constituting 
said windows. 

9. A sheet element according to claim 8 
wherein said sheet element has applied to 
both sides thereof a watermark pattern 

15 which extends over the thin film element to 
produce the variation in material thickness. 

10. A sheet element according to claim 
8 wherein the thin film element is of non- 
uniform thickness, and the sheet element is 

20 of uniform overall thickness such that the 
windows are disposed adjacent the portions 
of the thin film element at which the thick- 



ness of the latter is relatively great. 

11. A sheet element according to claim 

5 wherein the windows comprise portions of 25 
the sheet element material which are impre- 
gnated with a substance to reduce the opac- 
ity of said material. 

12. A sheet element according to claim 

11 wherein the sheet element material is 30 
paper, and wherein said substance is para- 
ffin wax. 

13. A sheet element incorporating an 
optical authenticating device substantially as 
hereinbefore described with reference to 35 
and as illustrated in Figures 1 and 2, Figures 

3 and 4, or any of Figures 5 to 7. 

14. A banknote constituted by a sheet 
element according to anv preceding claim. 

BOULT, WADE & TENNANT 40 
Chartered Patent Agents, 
34 Cursitor Street, 
London EC4A 1PQ 
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